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Introduction
Thermal comfort in a house is as good as the worth of the house itself (Rawi et al. 2009 ). Scientifically, thermal comfort is achieved between indoor temperature of 20°C and 28°C while optimum relative humidity is between 30% and 60% (AlAjmi et al. 2006) .Different proponents have come up with definitions of thermal comfort. According to Darby and White (2005:1) , "an internationally-accepted definition of thermal comfort, used by ASHRAE is 'that condition of mind which expresses satisfaction with the thermal environment' (ISO7330). Perceptions of this environment are affected by air temperature, radiant temperature, relative humidity, air velocity, activity and clothing. An uncomfortable house as a result of abnormal temperature can impact on the health of the occupier and if care is not taken could lead to sudden death (Nicol andRudge, 2005) .
The South African Building Code (SABC) recommends the indoor temperature range of 16°C to 28°C and relative humidity of 30% to 60% (Agrement, South Africa, 2002) . As a result of the climatic condition in South Africa, more energy is consumed in heating system than cooling in order to achieve indoor thermal comfort (Philibert, 2005) . Many of the Low Cost Houses (LCH) were constructed without thermal efficiency considerations. Hence, the occupants find their home freezing in winter and overheating in summer, spending their limited resources to achieve thermal comfort (Holm et al, 2008) . Majority of LCH occupants cannot afford electric heating systems or cooling appliance. Hence, occupants resort to using coal or paraffin for space heating, thus leading to the increase of carbon dioxide (CO2) emissions which are hazardous to human health (Klunne, 2002) .
Research works have extensively focused and concentrated on thermal comfort in the offices and huge buildings with only few research works on thermal comfort in the residential buildings. This has created a big gap in the thermal energy literature. It is against the backdrop of this scholarly gap that this paper makes a modest contribution to the scholarship by examining and analysing thermal efficiency for low cost houses in South Africa using translucent waterbased acrylic paint. and Mwasha, 2010). Compliance is mandatory and owners are compelled to ensure that their building plans conform to the energy efficiencies laws in South Africa (Laubscher, 2011) . LCH are products of government housing intervention hence, they are designed by qualified engineers and as such the compliance with the codes and guidelines become mandatory. According to Al-Homoud (2008) "as climate modifiers, buildings are usually designed to shelter occupants and achieve thermal comfort in the occupied space backed up by mechanical heating and air-conditioning systems as necessary. Significant energy savings could be realized in buildings if they are properly designed and operated. As a least cost energy strategy, conservation should be supported in the energy future. For every unit of energy saved by a given measure of technology, resources will be saved, and the annual operating costs associated with producing that unit of energy will be reduced or eliminated. Therefore, architects can contribute to solving the energy problem if proper early design decisions are made regarding the selection and integration of building components. Thermal insulation is a major contributor and obvious practical and logical first step towards achieving energy efficiency, especially in envelope-load dominated buildings located in sites with harsh climatic conditions."
The codes and guidelines specifically, make provisions for all types of energy efficiencies interventions, and by inference this also includes the use of thermal efficiency for house using translucent water-based acrylic paint. In order to achieve thermal comfort, as part of efficient energy use in the house, thermal insulation from materials or combination of material used to resist the flow of heat due to their thermal properties becomes a useful tool to achieve and realise the comfort (Parsons, 2002) . According to Al-Homoud, 2005 . "insulation materials can be made in different forms including loose-fill form, blanket batt or roll form, rigid form, foamed in place, or reflective form. The choice of the proper insulation materials type and form depends on its application." This is the reason why translucent water-based acrylic paint becomes an aspect of materials that could be used to achieve energy efficiency in the LCH.
Heating and cooling loads of a house are mostly due to heat coming through the building envelope a (building envelope refers to those components of the building enclosing the habitable space from the building surrounding. These include walls, floor, roof, external doors and windows). From energy viewpoint, the most effective way of reducing heating and cooling loads is by applying thermal insulation to the building envelope (Ozel, 2011) . Introducing energy efficient initiative will in future perfect the LCH already built and thus create a healthy home as well as minimize energy consumption for space heating which will eventually reduce the emission of greenhouse gases (Ming et al. 2014 ). This initiative is known as retrofitting. The introduction of the concept of retrofitting in LCH can be an immediate and long-term solution to the problem of housing and energy in South Africa (Klunne, 2003) . This retrofit can be through retrofitting energy lighting in houses, through the use of photovoltaic system as the primary or secondary electricity source and improving thermal performance of the houses through thermal insulation.
The Conceptual Explanations of Paints
Paints are now increasingly becoming important aspects of mitigating temperature and reducing emissions in the house (Akadiri et al. 2012) due to their chemical compositions. (Berge, 2009 ). Due to different environmental problems, different chemicals are now being added to paints as solvents in order to tackle and mitigate the environmental problems (Schwarzenbach et al. 2005) . Different types of solvents-paints ranging from "waterborne coatings, low-solvent coating, solvent-free powder coatings, and new radiation-curing coating systems with reactive solvents that are bound chemically during the hardening process were developed." (Freitag and Stoye, 2008) . These environmental problem solving paints are becoming acceptable by building contractors because of their uniqueness in ensuring clean and friendly environment (Wenzel et al. 2000) .
Paints are made of numerous components depending on the purpose for which they would be put to use. These components are classified into volatile and non-volatile. Volatile paints include organic solvents, water and coalescing agents (Freitag and Stoye, 2008) . Non-volatile paints compose of binders, resins, plasticizers, paint additives, dyes pigments and extenders (Freitag and Stoye, 2008) . Virtually all liquid paints have one function or another to fulfil when used. The most important component of paint is the binder because of its numerous characteristics which include resistance to weather (Brandt et al. 2010) .
Paints are useful in many ways not just as stain resistance, but also as thermal comfort in a house (Pearson, 1998) . "Paint with a high acrylic content will have much better water and stain resistance. Because of this stain resistance, a water-based glaze will not penetrate the base paint film and it will give you the best "open time" the glaze can offer." (Sickler and Dean, 2010) . "Water-based glazes work best over paints and primers that have a large acrylic resin content; this is because of the "blocking" ability of a good acrylic paint. When you put a slow-drying glaze on top of a cheaper base paint, the paint re-opens and "grabs" on to the glaze making it difficult to remove and manipulate." (Sickler and Dean, 2010) . The importance of acrylic paint is that, it is "a fast-drying paint containing pigment suspension in acrylic polymer emulsion." (Clark MD, Helmer BJ 2001) . "Acrylic paints are water soluble, but become water-resistant when dry." (Miller et al. 1997) . "In water based acrylics, the absorbers undergo decomposition during irradiation whereas the nanoparticles, by virtue of their inorganic nature are inherently stable." (Allen et al. 2002) .
Literature Review
It is generally accepted that buildings consume a lot consumers of energy (Laustsen, 2008) . In South Africa climate, where the winter is chilly and the summer hot, a substantial share of energy goes to heating up the buildings in winter and cooling t them during summer. Al-Homoud (2005) points out that "this heating and air-conditioning load can be reduced through many means; notable among them is the proper design and selection of building envelope and its components."
Thermal regulation and insulation therefore become important in buildings not only to reduce energy used in making the building thermal comfortable, but also in reducing the annual energy cost ( Castleton et al. 2010) . Undoubtedly, emissions are also being reduced as a result of the thermal regulation and insulation efficiency. Thermal insulation is therefore considered as an important factor in thermal comfort and sustainability in a building, in view of its immense benefits to the owner of the building and the environment (Al-Homoud, 2005) .
As part of sustainable energy use and energy efficiency, regulating temperature using acrylic paint in a house serve as a temperature control mechanism. This in itself is a development of thermal energy storage systems because the paints stores and regulate heat and coal coming into the house and redistribute them in comfortable manners. It is also a viable energy savings mechanism, which in turn reduces the environment impact related to energy use." (Pasupathy et al. 2008) . Inefficient and insufficient energy and the cost of buying them have triggered interest in all sorts of energy efficient devices and materials ( Brown, 2001 ). Thermal energy therefore becomes a useful tool to store, redistribute and provide energy needs in a building in a sustainable way (Aitken, 2003) .
As a result of integration of various energy sources into a system for heating and cooling the large mass of buildings which will react slowly to changes in heating/cooling demands , thermal energy storage is necessary (Deng et al. 2011 ). The thermal properties and the heat flow dynamics of a building determine the thermal performance of a building. Basically, heat is transferred by means of radiation, conduction and convection (Pasupathy et al. 2008) . With respect to thermal energy of a building, heat from the sun gets to the surrounding of a building by means of radiation (AlHomoud, 2005) . The heat is then transferred into the building through the building envelope (walls) by means of conduction ( Daouas, 2011) . The heat is circulated around the house by convectional currents (Sanner et al. 2005) . At night, a reverse process of conduction and convection takes place (Zhang, 2009 ). Warm air from one end of the house drift to a cold area, the walls at that area absorbs heat from the warm air and transfers to the building surrounding [Dilavore, 1984: 97] . This process continues until the indoor and outdoor temperature difference is at its minimum. According to the second law of thermal dynamics (entropy), heat will naturally flow from warmer side to cooler (Spengler, 2000) . Since it is impossible to completely stop heat transfer, the best solution is to reduce the rate of heat transfer (Kreith et al. 2010) .
In a building, the thickness of the wall and the difference between the inner and outer surface temperature of the wall impact and influence the rate of transfer of temperature. The rate of heat transfer will increase as the difference between the indoor and outdoor surface temperature increases. It can be reduced by increasing the thickness of the wall. To increase the thickness of the walls, a low thermal conductive material is required. Such material is known as thermal insulator. Insulation materials are selected based on their measure of the thermal resistance of a material. Therefore, the higher the value of a material the better its thermal insulation performance in the house.
There are two major groups of insulation materials; bulk and reflective insulation (or combine bulk and reflective) (Ito et al. 2011 ). Bulk insulation is design to resist heat transfer due to conduction and convection ((Kreith et al. 2010) . Examples of bulk insulation are cellulose, fiber glass, mineral wool, extruded polystyrene foam (XPS), expanded polystyrene foam (EPS) or bead board and polyurethane foam. Reflective insulation on the other hand, resists radiant heat flow due to its high reflectivity and low emissivity (Erdem et al. 2014) . A typical example of reflective insulation is aluminum foil [Downton and Reardon, 2010: 102] . Insulation materials are not restricted to these materials only. Other low thermal conductive materials are used as long as the primary aim of thermal insulation which is, increasing thermal resistance is achieved (Papadopoulos, 2005) .
Case Study
A LCH located at the Golf course settlement in Alice under the Nkonkobe Municipality Eastern Cape was used as a case study. Golf Course is located at 32°S latitude and 26°E longitude at an altitude of 493 m; in the temperate interior (Zone 2) climate of South Africa (TIASA, 2010: 17) . Golf Course has an average summer temperature of 18°C to 26°C, with a relatively mild winter of an average temperature between 7°C to 20°C. The east wind is predominant in summer while the winter is dominated by the west wind. A moderate wind speed of an average of 2.5 m/s is experienced in Golf Course throughout the year. Like most LCH settlements in the country, Golf Course is a rural settlement primarily occupied by senior citizens, children and low income earners. As observed in the aerial photograph, some regions of the settlement are laid out with no particular consideration for geographical north. The house used is facing N16°E. It comprises of a bedroom, toilet and an open plan living room and kitchen. It has a floor dimension of 7.20 m x 5.70 m, giving an approximately area of 41 m 2 . The roof is made of galvanized corrugated iron sheets with no ceiling or any form of roof insulation. The walls of the buildings are made of the M6 (0.39 x 0.19 x 0.14 m) hollow concrete blocks, with no plaster or insulation. Thus, the thickness of the walls assumed the width (0.14 mm) of the blocks. More than 97% of the buildings in this settlement share the same design. The building façade (North wall) has two large (1.10 x 1.00 m) windows. These windows allow the penetration of low angle winter sun rays into the building as well as the window in East wall, at the east elevation of the building; that provides access for the early morning sun rays.
Thermal mass is a term used to describe the thermal storage ability of building materials. Such materials absorb and store heat with low temperature change. When the air temperature around the thermal mass material drops, heat stored is released into the surrounding. Thermal mass is a function of the density and specific heat capacity of a material, the denser the material, the higher its thermal mass capacity (Gregory et al, 2007) . For efficient use, thermal mass should be insulated from the external environment, i.e. it should be located within insulated walls (Victoria, 2005) . The West wall in this case, has a low storage capacity due to the thickness and the material (hollow concrete block) used in the wall. Furthermore, it has a high heat absorption rate; since the wall is made of material of the same thermal properties. Therefore, when the outdoor air temperature drops; wall 3 absorbs and transfers heat from the inside of the building to the outside.
The Intrinsic Role of Translucent Water-Based Acrylic Paint to Achieve Thermal Efficiency
Government policies and building codes and guidelines prescribes and mandate the use of energy efficient devices and materials for all sorts of energy use in a LCH. Because of its effectiveness and efficiency in thermal comfort, translucent water-based acrylic paint is a good material for thermal efficiency and control in a house. This is in line with the South African standard which was approved by the National Committee StanSA SC 5120.61K, Construction standards -Energy efficiency in buildings, in accordance with procedures of Standards South Africa, in compliance with annex 3 of the WTO/TBT agreement. Furthermore, it also meets the requirements of the Department of Energy in South Africa that introduced a Policy to support the Energy Efficiency and Demand Side Management Program for the Electricity Sector through the Standard Offer Incentive Scheme (EEDSMP, 2010) . The scheme, in terms of Section 7(1) covers a whole range of buildings including private residential dwellings. These interventions are against the backdrop that South Africa is vulnerable to global climate change and has no strong adaptive capacity and as such energy efficiency using various devices, equipment and materials in buildings become more pressingly important.
Conclusion
The problem of emissions in houses can only be solved using various energy efficient devices and materials. As part of the solutions to the surge of global climate change, people living in LCH can get help by ensuring that there is thermal comfort in their homes through the use of translucent water-based acrylic paint which has proven to be efficient and environmental benign.
Recommendations
The desire to make living conditions interesting and comfortable is driving various initiatives and inventions. Global warming and climate change are realities that we need to face. Their devastating calamities and catastrophes are being experienced all over the world. Developing countries are the worst hit. This is the reason why leaders in these countries need to consider how energy is consumed. South Africa is one of the highest consumers of fossil fuels, but the remarkable thing about the country is that, through various interventions, it supports emissions reductions through research and administrative policies. The will to reduce emissions also underscores the government intervention that produced policy on energy efficiency and building codes to ensure that inefficient energy use in buildings is stopped and sanctioned at design stage. There is no room for complacency or unnecessary excuses, hence the involvement of all the role players. To achieve the objectives of emissions reduction of providing a safe and friendly environment through energy efficiency, all hands need to be on the deck to ensure compliance of energy efficiency in new green buildings and constructions. Monitoring and evaluation of the aspects of the codes and guidelines compelling energy efficiency should be carried out at all times. One of the materials that should be encouraged to be used, not only in LCHbut also in buildings generally, is the translucent water-based acrylic paint because of its value and characteristics in ensuring thermal comfort, energy saving and sustainable friendly environment. The deployment of this innovative breakthrough should be accelerated in all LCH in South Africa.
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